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SPECIFICATION 
PHARMACEUTICAL PREPARATIONS 

Technical Field 

The present invention relates to pharmaceutically useful 
preparations designed for altering the in vivo behavior of 
pharmaceutical compounds so as to efficiently secure their 
effects. 

Background Art 

Peptides and proteins have been widely utilized as 
pharmaceuticals. It is known to chemically modify 
pharmaceuticals such as peptides and proteins with polyethylene 
glycol, dextran, polyamino acids , albumin, inulin, etc. in order 
to prolong their action in vivo. 

On the other hand, attempts have been made to develop 
targeting preparations of pharmaceuticals such as peptides and 
proteins. For example, it is reported that the modification 
of lysozyme and albumin [ J. C. Rogers and S. Kornfeld, Biochem. 
Biophys. Res. Commun., 4J3, 622 (1971 )] and glutaminase [G. 
Schemer et al., Biochem. Biophys. Acta, 538 , 397 (1978)] with 
asialoglycoproteins is effective for targeting of these 
substances towards liver . It is also observed that the chemical 
modification of albumin [L. Fuime et al., FEBS Lett., 146 , 42 
(1982) , L. Fuime et al. , Biochem. Pharmacol. , 35., 967 (1986) ] , 
L-asparaginase [J. W. Marsh et al., J. Biol. Chem., 252, 7678 
(1977)] and ribonuclease [G. Wilson, J. Biol. Chem., 253 , 2070 
(1977)] with lactose enhances the accumulation of these 
substances at liver. Chemical modification techniques useful 
in such targeting include the carbodiimide method, the 
glutaraldehyde method, the SPDP 

(N-succinimidyl-3-( 2-pyridyldithio) propionate) method, the 
active ester method and the reduction method using sodium 
cyanoborohydride . The compounds prepared by chemically 
modifying pharmaceuticals such as peptides and proteins using 
these techniques are gradually decomposed in vivo to release 




the pharmaceuticals , but they can not be expected to rapidly 
release the pharmaceuticals in response to changes in pH or 
the like. 

It is known! that the pH of interstitium is lowered to 
a level of 6.9 in \cancer cells etc. and that administration 
of glucose lowers uhe pH of interstitium from 6.9 to 6.2 [H. 
Kahler andW. V. RobeVtson, J. Natl. Cancer Inst. , 3, 495 (1943), 
P. M. Gullino et al.V J- Natl. Cancer Inst., 34/ 857 (1965)]. 
It is also known that inflamed parts have a pH in the acidic 
range, i.e. pH 6.5 [V. Menkin, Biochemical Mechanism in 
Inflammation, Thomas) Springfield, III, pp. 69-7 (1956)]. 
Further , it has been experimentally demonstrated that trans ient 
ischemia in rats lowers the pH of the affected part from 7.4 
to 6 . 5 [N. Watanabe et al .\, Biochem. Pharmacol. , 3j3 , 3477 ( 1989 ) ] . 
Also known is a pH-sensitive drug delivery system (DDS) for 
superoxide dismutase (SOD) using a styrene-maleic acid 
copolymer (SM) [Biochemistry, 28, 6619 (1989), Biochem. 
Pharmacol., 38/ 3477 (1949)]. In this DDS, superoxide 
dismutase covalently bound lo the styrene-maleic acid copolymer 
(SM-SOD) noncovalently binds to the warfarin site on albumin 
in blood at pH around neutrality. As the pH is lowered, SM 
is protonated and the albumen-binding ability thereof is 
decreased to cause release <\f SM-SOD. 

It is also known that epidermal growth factor (EGF) 
receptor is excessively expressed at squamous cell carcinoma 
[S. Ogawa et al., Jpn. J. Cancer Res., 79., 1201 (1988)], and 
based on this fact, targeting therapy using a carcinostatic 
agent together with anti-EGF receptor antibody has been 
attempted [E. A. Pirak et al., Proc. Natl. Acad. Sci. USA, 86 , 
3778 (1989)]. Tsuchiya et al . have found that by binding EGF 
to the surface of liposome, the liposome is incorporated into 
cancer cells via the EGF receptor [S. Tsuchiya et al., Drug 
Delivery System, 4, 193 (1989)]. However, the EGF receptor 
is expressed also in normal cells, and it is difficult to 
specifically target diseased parts. 
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Disclosure of the Invention 

An object of the present invention is to provide a 
pharmaceutical preparation (a pH responsive pharmaceutical 
preparation) which is capable of rapidly releasing a compound 
5 having a free amino group such as an amino acid derivative, 
a peptide, a protein or an enzyme in response to changes in 
pH at focuses by reacting the compound having a free amino group 
with a sugar having the reducing power. The pharmaceutical 
preparation of the present invention is capable of releasing 
10 various compounds having a free amino group in response to 
changes in pH and releases such compounds specifically at target 
ypj parts at which the pH is lowered due to the occurrence of 

l iQ inflammation , tumor or the like to cause the compounds to exhibit 

m 

^ thexr effects. The preparation releases the above compounds 

15 nowhere except at target parts, which is expected to result 

in reduction of side effects. Further, when administered in 
• *\ vivo, the pharmaceutical preparation of the present invention 

■f alters the in vivo behavior of the compounds as compared with 

ijyj that of the unmodified compounds, whereby effects such as 

!fU 2 0 improvement of durability in blood can be expected. It is also 

expected that the addition of a specific sugar enables the 
jM. specific recognition of the sugar receptor, for example, 

galactose receptor and then the release of the sugar in response 

to the pH lowering in an endosome formed after the endocytosis 
25 by a cell to release a free pharmaceutical compound into the 

cell. 

The present invention relates to a pharmaceutical 
preparation comprising a compound which can be obtained by 
reacting a compound having a free amino group with a sugar having 
30 the reducing power. 
j^y^(X^y^ There is no specif ic restriction as to the compounds having 
a free amino group to be used in the present invention. Suitable 
compounds include pharmaceutical compounds, for example, 
peptides, proteins amd enzymes such as bradykinin, angiotensin, 
35 anthriopeptin, oxytocin, vasopressin, adrenocorticotropin 
(ACTH), calcitonin, Yinsulin, glucagon, cholecystokinin, /3 
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-endorphin,' melanocyte-inhibiting factor, 
melanocyte-stimulating hormone, gastrin antagonist, 
neurotensin, somatostatin, brucine, cyclosporin, enkephalin, 
transferrin, RGD peptide, thyroid hormone, growth hormone, 
gonatropin, gonadotropic hormone, luteinizing hormone (LHRH), 
asparaginase, arginase\ uricase, carboxypeptidase, 
glutaminase, SOD, tissue plasminogen activator (t-PA) , 
streptokinase, interleukW, interferon, muramyl dipeptide, 
thymopoietin, granulocyte\colony-stimulating factor ( G— CSF ) , 
granulocyte macrophage colony-stimulating factor (GM-CSF), 
erythropoietin (EPO) , thromnopoietin (TPO) , trypsin inhibitor, 
lysozyme, EGF, insulin-like growth factor (IGF), nerve growth 
factor (NGF), platelet-derived growth factor (PDGF), 
transforming growth factor ATGF), endothelial cell growth 
factor (ECGF) , fibroblast growth factor (FGF) , glia cell growth 
factor (GGF) , thymosin and speaif ic antibodies (e.g. , anti-EGF 
receptor antibody); carcinostatic agents such as doxorubicin 
derivatives [e.g., 3 ' - ( D-Val-Beu-Ly s ) -doxorubis in ] , 
5-f luorouracil derivatives [e.g., 

L-Ala-2-( 5-f luorouracil-l-yl ) -Sly] , daunorubicin, 
idarubicin and neocarzinostatinV amino acid derivatives such 
as dopamine; amoxicillin, ampicillin, amantadine hydrochloride 
epirubic in hydrochloride, doxorubicin hydrochloride, dopamine 
hydrochloride, vancomycin hydrochloride, talampicillin 
hydrochloride, bacampicillin hydrochloride, cycloserine, 
ciclacillin, cefaclor, cefatrizine, cefadroxil, cefalexin, 
cefaradine, cef aloxazine, tranexamic acid, norepinephrine, 
methyldopa, melphalan, liothyronineWodium, astromicin sulfate 
isepamicin sulfate, kanamycin sulfate, cyclonomycin sulfate, 
sisomicin sulfate, dibekacin sulfate, sulbekacin sulfate, 
neomycin sulfate, netilmicin sulfate, paromomycin sulfate, 
bleomycin sulfate, levodopa, and antibody drugs [e.g., human 
serum immunoglobulins (e.g., peps in-rr eat ed human serum 
immunoglobulin, plasmin-treated humam serum immunoglobulin, 
/?-propiolactone-treated human serum Immunoglobulin, 
S-alkylated human serum immunoglobulin, S-sulfonated human 
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serum immunoglobulin and polyethylene glycol-treated human 
serum immunoglobulin) , mouse monoclonal antibodies, human 
monoclonal antibodies, chimera antibodies, anti-idiotype 
antibodies and Fal\f ragments comprising variable region only] . 

Preferred compounds having a free amino group are peptides , 
proteins and enzymes suchas insulin, transferrin, asparaginase, 
SOD, t-PA, interferon and specific antibodies, and 
pharmaceutical compounds such as doxorubicin hydrochloride, 
epirubicin hydrochloride and bleomycin sulfate. 

In the present invention, any sugars having the reducing 
power can be used. Suitable sugars include glucose, lactose, 
f ucosylglucose , galactosy llactose , f ucosy llactose , 
lacto-N-tetraose , lacto-N-hexaose , lacto-N-neohexaose , 
dimannosyl-N-acetylglucosamine, sialyllactose such as 
3 ' -sialyllactose and 6 ' -sialyllactose, disialyllactose, 
N,0-diacetylneuraminyllactose, 3 ' -sialyllactose 6 '-sulfate, 
lactose 6' -sulfate, lactose 3 ' -phosphate, 

disialyllacto-N-tetraose and glycolipids. Also useful are. 
compounds prepared by chemically binding a polymer (e.g., 
polyoxyethylene, polyglutamic acid and polyvinylpyrrolidone) 
to hydroxyl groups other than the hydroxyl group formed from 
the reducing aldehyde group (i.e., the hydroxyl group of the 
hemiacetal moiety) in the above compounds. The reducing 
aldehyde group in the sugar chain of the sugar having the reducing 
power reacts with the amino group of the compound having a free 
amino group to give a compound in which the sugar chain is bound 
to the amino group moiety of the compound having a free amino 
group. 

Examples of the preferred sugars are sialyllactose, 
lactose, glucose and disialyllactose. 

Examples of the compounds which can be obtained by reacting 
a compound having a free amino group with a sugar having the 
reducing power and which are capable of rapidly releasing the 
compound having a free amino group in response to changes in 
pH include Schiff bases and aminals. 

The compound having a free amino group, the sugar having 



the reducing power , and the compound which can be obtained by- 
reacting a compound having a free amino group with a sugar having 
the reducing power may be modified with pharmaceutical carriers 
such as liposome, lipid emulsion, microemulsion, polymer 
micelle, microcapsule, microsphere or a magnetic particle . The 
compound having a free amino group , the sugar having the reducing 
power, and the compound which can be obtained by reacting a 
compound having a free amino group with a sugar having the 
reducing power may also be included in the pharmaceutical 
carriers. The compound having an amino group to be modified 
with or included in the pharmaceutical carriers can be the 
above-mentioned pharmaceutical compounds or compounds having 
an amino group without, any particular pharmacological 
activities. In addition to the compounds having a free amino 
group such as the above-mentioned pharmaceutical compounds, 
any compounds having pharmacological activities may be included 
in the pharmaceutical carriers. 

Examples of the preferred pharmaceutical carriers are 
liposome, lipid emulsion and polymer micelle. 

The pharmaceutical preparation of the present invention 
can be produced by adding 1 to 10000 parts by weight, preferably 
10 to 1000 parts by weight of the sugar having the reducing 
power to 1 part by weight of the compound having a free amino 
group, which may be modified with the pharmaceutical carrier, 
and subjecting them to reaction by allowing them to stand in 
an aqueous solution of pH 7 to 14, preferably pH 7.5 to 10, 
at 0 to 100°C, preferably 2 0 to 50 °C, for one minute to one 
month, preferably 1 to 96 hours . ThepHad jus tment may be carried 
out by using any suitable substance, for example, phosphate 
buffer or sodium hydroxide. 

The product obtained by the above process can be used 
as such, as the pharmaceutical preparation of the present 
invention. The product may also be freeze-dried together with 
excipients such as mannitol, lactose or glycine according to 
the aimed use, storage conditions, etc. When the preparation 
is stored in freeze, cryoprotectants such as glycerin may be 



added . 

The pharmaceutical preparation of the present invention 
is generally used as an injection, but may also be formed into 
preparations for oral administration, nasal administration, 
ophthalmic administration or percutaneous administration, a 
suppository, an inhalation, etc. 

The pharmaceutical preparation of the present invention 
administered in vivo alters the in vivo behavior of the 
pharmaceutical compound contained therein as compared with that 
of the unmodified compound, and thereby gives effects such as 
improvement of the durability of the compound in blood or 
specific binding of the compound to the galactose receptor in 
liver. When a compound having anti-tumor activity is used in 
the pharmaceutical preparation of the present invention, the 
compound is released from the sugar in the neighborhood of a 
tumor focus due to the pH lowering around the tumor focus and 
thus acts directly upon tumor cells without injuring cells other 
than the tumor cells, whereby the production of side effects 
of the compound can be prevented. When an anti-EGF receptor 
antibody is used in the pharmaceutical preparation of the present 
invention, the antibody modified with the sugar does not bind 
to the EGF receptor in normal cells, but in the neighborhood 
of a tumor, the sugar is released from the preparation due to 
the pH lowering, thus enabling the anti-EGF receptor antibody 
to be released and to give its effect on tumor cells. 

Examples and test examples of the present invention are 
shown below. 

Best Modes for Carrying Out the Invention 
Example 1 

A solution of 0.2 mg of bovine pancreatic insulin (Wako 
Pure Chemical Industries, ltd.) in 1 mL of a 2 mmol/L aqueous 
solution of hydrochloric acid, a solution of 320 mg of anhydrous 
/2-lactose (Nacalai Tesque, Inc.) in 2 mL of distilled water, 
and 1 mL of a 200 mmol/L phosphate buffer (pH 8.4) were mixed 
in a test tube to give a mixture having a pH of about 8.1. The 



test tube was put into a constant temperature water bath at 
40 °C to cause reaction. The reaction mixture was sampled after 
0, 5 and 24 hours, and analyzed for products obtained by the 
reaction of insulin with lactose by high performance liquid 
chromatography (HPLC) under the following conditions. 

Column: YMC-Pack ODS-A or YMC-Pack ODS-AM, 6.0 x 150 mm 

Mobile phase: 100 mmol/L phosphate buffer (pH 8.0) containing 
0.001% Triton X-100 : acetonitrile containing 0.001% 
Triton X-100 = 25 parts by volume : 9 parts by volume 

Flow rate: 1.3 mL /minute 

Detection wavelength: 210 nm 

As a result , it was found that three kinds of reaction 
products were formed by the reaction of lactose with insulin. 
The reaction products were designated in order of increasing 
retention time on HPLC as product-3, product-2, and product-1 . 
Insulin showed the longest retention time. The results are 
shown in Table 1 . . 

Table 1 







Addition 


of Lactose 


to Insulin 








Insulin 


Product-1 


Product-2 


Product-3 


0 


hour 


100% 


0% 


0% 


0% 


5 


hours 


56% 


35% 


6% 


4% 


24 


hours 


21% 


32% 


11% 


36% 



Theresults in Table 1 showthat lactose reacts with insulin 
in a weakly basic solution (pH 8.1) at 4 0°C with the passage 
of time. The proportion of product-1 was high 5 hours after 
the start of reaction, but after 24 hours, the proportion of 
product-3 increased. 



Example 2 

Bovine pancreatic insulin (0.2 mg, Wako Pure Chemical 
Industries, Ltd.) was dissolved in 1 mL of a 1 mmol/L aqueous 



solution of hydrochloric acid. To about 25 mg of sialyllactose 
of 75% purity (a mixture of 3 ' -sialyllactose and 
6 '-sialyllactose, Boehringer Mannheim GmbH) was added 0.1 mL 
of a 600 mmoiyL aqueous solution of disodium phosphate to make 
a solution. The insulin solution ( 0 . 1 mL ) and the sialyllactose 
solution (0.l\mL) were mixed in a test tube to give a mixture 
having a pH of about 7.8. The test tube was put into a constant 
temperature water bath at 4 0 °C to cause reaction and left for 
3 days. The reaction mixture was sampled intermittently, 
followed by centirif ugation at 3000 rpm for 20 minutes to remove 
insoluble materials. The samples collected 0, 1 and 3 days 
after the start of the reaction were analyzed for products 
obtained by the reaction of insulin with sialyllactose by HPLC 
under the following conditions. 

Column: YMC-Pack ODS-AP, 4.6 x 150 mm 

Mobile phase: 20 mmol/L phosphate buffer (pH 8.0) containing 
0.001% Triton X-100 : acetonitrile containing 0.001% 
Triton X-100 = 411 parts by volume : 140 parts by volume 

Flow rate: 1.3 mL/minute 

Detection wavelength: 22 0 nm 

As a result, it was found that three kinds of reaction 
products were formed by the reaction of sialyllactose with 
insulin. The reaction products were designated in order of 
increasing retention time on HPLC as product-6 f product-5, and 
product-4 . Insulin showed the longest retention time. The 
results are shown in Table 2. 
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Table 2 







Addition of 


Sialyllactose 


to Insulin 








Insulin 


Product-4 


Product-5 


Product-6 


0 


hour 


100% 


0% 


0% 


0% 


1 


day 


50% 


12% 


36% 


2% 


3 


days 


31% 


15% 


52% 


3% 



The results in Table 2 show that sialyllactose reacts 
with insulin in a weakly basic solution (pH 7.8) at 40°C with 
the passage of time. The proportion of product-5 was high as 
compared with the other products both after 1 day and 3 days 
and its proportion increased with the passage of time. 

Example 3 

A solution of 0.1 mg of bovine pancreatic insulin (Sigma 
Chemical Co.) in 0.1 mL of a 20 mmol/L aqueous solution of 
hydrochloric acid, a solution of 160 mg of anhydrous j3 -lactose 
(Nacalai Tesque, Inc.) in 1 mL of distilled water, and 0.9 mL 
of a 100 mmol/L phosphate buffer (pH 8.4) were mixed in a test 
tube. The mixture was subjected to reaction at 37°C for 24 
hours . 

Example 4 

Bovine pancreatic insulin (0.1 mg, Sigma Chemical Co.) 
was dissolved in 0.1 mL of a 20 mmol/L aqueous solution of 
hydrochloric acid. The solution was mixed with 0.9 mL of a 
600 mmol/L aqueous solution of disodium hydrogenphosphate in 
a test tube to obtain a solution to be used as an insulin solution . 
To about 25 mg of sialyllactose of 75% purity (a mixture of 
3 '-sialyllactose and 6 ' -sialyllactose, Boehringer Mannheim 
GmbH) was added 0.13 mL of distilled water to make a solution. 
The insulin solution (0.13 mL) and the sialyllactose solution 
( 0 . 13 mL) were mixed in a test tube, and the mixture was subjected 
to reaction at 3 7 °C for 24 hours. 
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Comparative Example 1 

A 20 mmol/L aqueous solution of hydrochloric acid (0.1 
mL) , 1 mL of distilled water, and 0 .9 mL of a 100 mmol/L phosphate 
buffer (pH 8.4) were mixed in a test tube. The mixture was 
5 allowed to stand at 37 °C for 24 hours. 

Comparative Example 2 

A solution of 0.1 mg of bovine pancreatic insulin (Sigma 
Chemical Co.) in 0.1 mL of a 20 mmol/L aqueous solution of 
10 hydrochloric acid, 1 mL of distilled water , and 0.9 mL of a 
100 mmol/L phosphate buffer (pH 8.4) were mixed in a test tube. 
K3 The mixture was allowed to stand at 37 °C for 24 hours. 

m 

Qi Comparative Example 3 

q 15 A solution of 160 mg of anhydrous p -lactose (Nacalai 

Tesque, Inc. ) in 1 mL of distilled water, 0.1 mL of a 20 mmol/L 
aqueous solution of hydrochloric acid, and 0 . 9 mL of a 100 mmol/L 

it: 

Q phosphate buffer ( pH 8 . 4 ) were mixed in a test tube . The mixture 

Jp was allowed to stand at 3 7 °C for 24 hours to prepare solution 

wu 20 A (lactose solution). 

Q In a manner similar to that in Comparative Example 2, 

■ w a solution of 0 . 1 mg of bovine pancreatic insulin ( Sigma Chemical 

Co. ) in 0 . 1 mL of a 20 mmol/L aqueous solution of hydrochloric 

acid, ImL of distilled water, and 0.9mLof a 100 mmol/L phosphate 
25 buffer (pH 8.4) were mixed in a test tube. The mixture was 

allowed to stand at 37 °C for 24 hours to prepare solution B 

(insulin solution). 

Test Example 1 

30 A solution of 0.2 mg of bovine pancreatic insulin (Wako 

Pure Chemical Industries, ltd.) in 1 mL of a 2 mmol/L aqueous 
solution of hydrochloric acid, a solution of 32 0 mg of anhydrous 
(3 -lactose (Nacalai Tesque, Inc. ) in 2 mL of distilled water, 
and 1 mL of a 2 00 mmol/L phosphate buffer (pH 8.4) were mixed 

35 in a test tube. The mixture was subjected to reaction at 40 °C 
for 24 hours. To 3 mL of the resulting solution was added 0.5 
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mL of a 50 mmol/L aqueous solution of citric acid to adjust 
the pH to 6.7, and the mixture was subjected to reaction at 
40°C. The samples collected from the reaction mixture 0 and 
30 minutes after the start of the reaction were analyzed for 
products obtained by the reaction of insulin with lactose by 
HPLC in a manner similar to that in Example 1. The results 
are shown in Table 3 . 

Table 3 

Release of Lactose Caused by pH Lowering to 6.7 

Insulin Product- 1 Product-2 Product-3 

0 minute 25% 42% 13% 20% 

30 minutes 45% 18% 25% 12% 



As shown in Table 3 , the lowering of the pH of the mixture 
from 8.1 to 6.7 caused release of lactose from the products 
and increase in the amount of free insulin to which lactose 
was not bound. 

Test Example 2 

A solution of 0.2 mg of bovine pancreatic insulin (Wako 
Pure Chemical Industries, ltd.) in 1 mL of a 2 mmol/L aqueous 
solution of hydrochloric acid, a solution of 32 0 mg of anhydrous 
/J-lactose (Nacalai Tesque, Inc.) in 2 mL of distilled water, 
and 1 mL of a 200 mmol/L phosphate buffer (pH 8.4) were mixed 
in a test tube. The mixture was subjected to reaction at 40°C 
for 24 hours. To 3 mL of the resulting solution was added 0.5 
mL of a 100 mmol/L aqueous solution of citric acid to adjust 
the pH to 5.9, and the mixture was subjected to reaction at 
4 0 °C. The reaction mixture was intermittently analyzed for 
products obtained by the reaction of insulin with lactose by 
HPLC in a manner similar to that in Example 1. The results 
are shown in Table 4 . 
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Table 4 





Release 


of Lactose 


Caused by 


pH Lowering 


to 5.9 






Insulin 


Product- 1 


Product-2 


Prod\ict-3 


0 


minute 


24% 


36% 


13% 


27% 


2 


minutes 


35% 


27% 


22% 


17% 


10 


minutes 


59% 


5% 


33% 


3% 


30 


minutes 


76% 


0% 


25% 


0% 


60 


minutes 


75% 


0% 


25% 


0% 



5 As shown in Table 4 , the lowering of the pH of the mixture 

^ from 8.1 to 5.9 caused rapid release of lactose from product-1 

i[;H and product-3 . 

01 

*Q 

p Test Example 3 

10 A solution of 0.2 mg of bovine pancreatic insulin (Wako 

Pure Chemical Industries, ltd.) in 1 mL of a 2 mmol/L aqueous 
O solution of hydrochloric acid, a solution of 320 mg of anhydrous 

|y /3-lactose (Nacalai Tesque, Inc.) in 2 mL of distilled water, 

III and 1 mL of a 2 00 mmol/L phosphate buffer (pH 8.4) were mixed 

iiT 15 in a test tube. The mixture was subjected to reaction at 40 °C 

for 24 hours. To 3 mL of the resulting solution was added 0.5 
mL of a 15 0 mmol/L aqueous solution of citric acid to adjust 
the pH to 5.0, and the mixture was subjected, to reaction at 
40 °C. The reaction mixture was intermittently sampled and 
20 analyzed for products obtained by the reaction of insulin with 
lactose by HPLC in a manner similar to that in Example 1. The 
results are shown in Table 5. 
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Table 5 





Release 


of Lactose 


Caused by 


pH Lowering 


to 5.0 






Insulin 


Product-1 


Product-2 


Product-3 


0 


minute 


21% 


35% 


13% 


32% 


2 


minutes 


60% 


8% 


27% 


5% 


10 


minutes 


83% 


0% 


. 17% 


0% 


30 


minutes 


93% 


0% 


7% 


0% 


60 


minutes 


95% 


0% 


5% 


0% 



As shown in Table 5 , the lowering of the pH of the mixture 
from 8.1 to 5.0 caused rapid and almost complete release of 
lactose from all the products . 

Test Example 4 

Bovine pancreatic insulin (0.2 mg, Wako Pure Chemical 
Industries, Ltd.) was dissolved in 1 mL of a 1 mmol/L aqueous 
solution of hydrochloric acid. To about 25 mg of sialyllactose 
of 75% purity (a mixture of 3 ' -sialyllactose and 
6 '-sialyllactose, Boehringer Mannheim GmbH) was added 0.1 mL 
of a 600 mmol/L aqueous solution of disodium hydrogenphosphate 
to make a solution. The insulin solution (0.1 mL) and the 
sialyllactose solution (0.1 mL) were mixed in a test tube to 
give a solution having a pH of about 7.8. This solution was 
subjected to reaction at 40 °C for 3 days and then centrifuged 
at 3000 rpm for 20 minutes. To 40 jaL of the supernatant was 
added 0.04 mL of a 50 mmol/L aqueous solution of citric acid 
to adjust the pH to 6 . 4 , and the resulting solution was subjected 
to reaction at 40 °C. The reaction mixture was intermittently 
sampled and analyzed for products obtained by the reaction of 
insulin with sialyllactose by HPLC in a manner similar to that 
in Example 2. The results are shown in Table 6. 
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Table 6 

Release of Sialyllactose Caused by pH Lowering to 6.4 







Insulin 


Product-4 


Product-5 


Product-6 


0 


minute 


31% 


15% 


52% 


3% 


10 


minutes 


44% 


9% 


43% 


4% 


30 


minutes 


50% 


6% 


41% 


3% 



Test: Example 5 

Bovine pancreatic insulin (0.2 mg, Wako Pure Chemical 
Industries, Ltd.) was dissolved in 1 mL of a 1 mmol/L aqueous 
solution of hydrochloric acid. To about 25 mg of sialyllactose 
of 75% purity (a mixture of 3 ' -sialyllactose and 
6 ' -sialyllactose, Boehringer Mannheim GmbH) was added 0.1 mL 
of a 600 mmol/L aqueous solution of disodium hydrogenphosphate 
to make a solution. The insulin solution (0.1 mL) and the 
sialyllactose solution (0.1 mL) were mixed in a test tube to 
give a solution having a pH of about 7.8. This solution was 
subjected to reaction at 40 °C for 3 days and then centrifuged 
at 3000 rpm for 20 minutes. To 40 juh of the supernatant was 
added 0.04 mL of a 100 mmol/L aqueous solution of citric acid 
to adjust the pH to 5 .3 , and the resulting solution was subjected 
to reaction at 40°C. The reaction mixture was intermittently 
sampled and analyzed for products obtained by the reaction of 
insulin with sialyllactose by HPLC in a manner similar to that 
in Example 2. The results are shown in Table 7. 



Table 7 

Release of Sialyllactose Caused by pH Lowering to 5.3 





Insulin 


Product-4 


Product-5 


Product-6 


0 minute 


31% 


,15% 


52% 


3% 


10 minutes 


58% 


3% 


35% 


4% 


30 minutes 


80% 


5% 


12% 


3% 


Test Example 


6 








Male SD 


strain rats 


were fasted 


for 16 to 


20 hours and 



then anesthetized by intraperitoneal administration of 50 mg/kg 
pentobarbital sodium, followed by cannulation into the femoral 
vein and carotid. A cannula was also inserted into the trachea 
to maintain airway. Five minutes before the administration 
of each test solution, 0.4 mL of a blood sample was collected 
through the cannula inserted into the carotid and transferred 
into a heparin-treated plastic test tube. After the blood 
sampling, 0 . 4 mL of physiological saline was put into the carotid 
through the cannula. The reaction mixtures obtained in 
Examples 3 and 4 and Comparative Examples 1 and 2 were 
respectively administered to the rats through the cannula 
inserted into the femoral vein in an amount of 20 //L for 100 
g of body weight. Solution A obtained in Comparative Example 
3 was administered through the cannula inserted into the femoral 
vein in an amount of 20 //L for 100 gof body weight, and immediately 
thereafter, solution B was intravenously administered in a 
similar manner. Blood samples (0.4 mL each) were collected 
through the cannula inserted into the carotid 5, 10, 30, 60 
and 120 minutes after the administration of each test solution, 
and then transferred into heparin-treated plastic test tubes. 
After each blood sampling, 0.4 mL of physiological saline was 
put into the carotid through the cannula. The blood samples 
were centrifuged at 5°C at 10000 rpm for 5 minutes to obtain 
plasma. The concentration of insulin in each plasma was 
determined by enzyme immunoassay using GLAZYME Insulin-EIATest 
(Wako Pure Chemical Industries, Ltd.) The results are shown 
in Table 8. 
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255 


242 


30 


22 


16 


13 


46 


56 


60 


34 


8 
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27 


23 


120 


24 


17 


15 


36 


20 



As shown in Table 8 f when the preparations of Examples 
3 and 4 were used, the plasma insulin concentration changed 
in high regions as compared with the cases where the preparations 
of Comparative Examples 1 to 3 were used. There was no 
significant difference between the results obtained with the 
preparations of Comparative Examples 2 and 3, which indicates 
that the released lactose does not affect the disappearance 
of insulin in plasma. 

Industrial Applicability 

The present invention provides a pharmaceutical 
preparation which is capable of rapidly releasing a compound 
having a free amino group such as an amino acid derivative, 
a peptide, a protein or an enzyme in response to changes in 
pH at focuses. The preparation of the present invention is 
capable of improving the in vivo durability of various compounds 
and releasing the compounds in response to changes in pH, thus 
enabling the compounds to act specifically on target parts. 



